Abstract: Previous studies showed that psychiatric disorders such as major depression, bipolar disorders, and alcohol misuse are associated with an increased risk of ischemic stroke. However, the link between psychiatric disorders and stroke in the young population is rarely investigated.
I
schemic strokes in adults younger than 45 years of age were regarded as a relatively uncommon event in the proportion of <5% of all ischemic strokes. 1 However, other epidemiological studies have shown a higher proportion of approximately 10% of all ischemic strokes occurring in young adults. 2, 3 Compared with stroke in the elderly, stroke in the young adult resulted in a disproportionately great personal, familial, and socioeconomic impacts and consequences by leaving patients disabled before their most productive years. 4, 5 The most significantly established risk factors for young ischemic stroke included hypertension, dyslipidemia, diabetes mellitus, and smoking. [5] [6] [7] The association between psychiatric disorders and stroke has gained the clinical and scientific attention in the past decade. [8] [9] [10] For example, Tsai et al 11 followed 80,569 patients with schizophrenia for 5 years, and revealed that those with schizophrenia were 1.13 times more likely to have a stroke (95% confidence interval [CI]: 1.05$1.22). Li et al 12 followed 1003 patients with major depression and 4012 controls for 9 years and found that patients with major depression had a higher risk of stroke (odds ratio [OR]: 1.55, 95% CI: 1.08$2.211) than the control group during the follow-up. Dong et al 8 reported a significant positive association between depression and subsequent risk of stroke (relative risk [RR]: 1.34, 95% CI: 1.17$1.54). Prieto et al's 10 meta-analysis study composed of 27,092 bipolar patients showed that the risk of stroke in bipolar disorder was significantly increased (RR: 1.74, 95% CI 1.29$2.35). The First National Health and Nutrition Examination Survey in United States demonstrated that more anxiety symptoms at baseline were associated with increased risk of incident stroke (hazard ratio [HR]: 1.14, 95% CI: 1.03$1.25). 9 Following 19,544 men aged 40 to 59 years for 11 years, Iso et al 13 determined that alcohol consumption was positively associated with the risk of stroke with a 68% excess risk among drinkers of !450 g ethanol per week compared with occasional drinkers. However, stroke in the above studies occurred in the late mid-life or in old age but not in the younger age groups. The association between young stroke and psychiatric disorders was less investigated and still unclear.
In our study, using the Taiwan National Health Insurance Research Database (NHIRD) with a large sample size and a retrospective study design, we investigated the association between the young ischemic stroke and the risk of preexisting psychiatric disorders, including schizophrenia, bipolar disorder, major depression, anxiety disorders, and alcohol use disorder.
METHODS

Data Source
Taiwan's National Health Insurance (NHI) is a mandatory universal health insurance program that was implemented in 1995 and offers comprehensive medical care coverage to all Taiwanese residents. The National Health Research Institute (NHRI) is in charge of the entire insurance claims database, namely the NHIRD, which consists of healthcare data from >97% of the entire Taiwan population (http://www.nhi.gov.tw/). The NHRI audits and releases the NHIRD for scientific and study purposes. Individual medical records included in the NHIRD are anonymous to protect patient privacy. Comprehensive information on insured individuals is included in the database, including demographic data, dates of clinical visits, disease diagnoses, and evaluation procedures. The diagnostic codes used were based on the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). The NHIRD has been used extensively in many epidemiologic studies in Taiwan. 12,14 -17 Inclusion Criteria for Individuals With Young Ischemic Stroke and the Control Group Adult subjects aged between 18 and 45 years were identified as having a diagnosis of ischemic stroke (ICD-9-CM codes: 433, 434, 435) given by board-certificated neurologists, neurosurgeons, internal medicine physicians, and emergency room physicians after brain image examinations (brain computed tomography or brain magnetic resonance imaging) between January 1, 1998 and December 31, 2011, were enrolled as the stroke cohort. The time of ischemic stroke diagnosis was defined as the time of ischemic stroke event and the time of enrollment. The age-, sex-, and time of enrollment-matched (1:4) control cohort was randomly identified after eliminating the study subjects and those who had been given a diagnosis of any stroke (ICD-9-CM code: 430 $ 438) at any time. Preexisting psychiatric disorders before the ischemic stroke or the enrollment given by psychiatrists were identified, including schizophrenia (ICD-9-CM code: 295), bipolar disorder (ICD-9-CM codes: 296.0, 296.1, 296.4-296.7, 296.80, 296.81, 296.89), unipolar depression (ICD-9-CM codes: 296.2, 296.3, 300.4, 311), obsessive-compulsive disorder (ICD-9-CM code: 300.3), anxiety disorders (ICD-9-CM codes: 300 except 300.3, 300.4), alcohol use disorders (ICD-9-CM codes: 291, 303, 305.0), and substance use disorders (ICD-9-CM codes: 292, 304, 305.1 $ 305.9). Preexisting stroke-related physical comorbidities, including hypertension, dyslipidemia, diabetes mellitus, obesity, chronic renal diseases, ischemic heart diseases, and arrhythmia, were also assessed in our study. All medical and psychiatric diagnoses were given at least twice by corresponding physicians to achieve improved diagnostic validity. Level of urbanization (level 1 to level 5; level 1: most urbanized region; level 5: least urbanized region) was also assessed for our study. 18 This study was approved by the Taipei Veterans General Hospital institutional review board.
Statistical Analysis
For between-group comparisons, the independent t test was used for continuous variables and Pearson x 2 test for nominal variables, where appropriate. The logistic regression analysis was used to investigate the odds ratio (OR) with a 95% CI of each preexisting psychiatric disorder among subjects with ischemic stroke and the control group. Two regression models were performed: the first model adjusted for demographic data and physical comorbidities, and the second model adjusted for demographic data, physical comorbidities, and other psychiatric comorbidities. To clarify the impact of psychiatric disorder in the different age groups of young stroke, we investigated the preexisting psychiatric disorders with the risk of very young (<30 years) and young (30$45 years) ischemic stroke in our study. A 2-tailed P value of <0.05 was considered statistically significant. All data processing and statistical analyses were performed with Statistical Package for Social Science (SPSS) version 17 software (SPSS Inc.) and Statistical Analysis Software (SAS) version 9.1 (SAS Institute, Cary, NC).
RESULTS
In all, 2063 young adults aged 39.02 AE 5.29 years with ischemic stroke and 8252 age-and sex-matched controls were enrolled in our study. Among young stroke patients, 231 (11.2%) had ischemic stroke before age of 30 years, and 1832 (88.8%) did at age of 30 years and older (Table 1) . Subjects with ischemic stroke had an elevated prevalence of preexisting psychiatric disorders, including schizophrenia (1.2% vs 0.7%, P ¼ 0.030), bipolar disorder (0.8% vs 0.2%, P ¼ 0.001), unipolar depression (4.8% vs 1.8%, P < 0.001), obsessive-compulsive disorder (0.4% vs 0.1%, P ¼ 0.016), anxiety disorders (3.5% vs 1.1%, P < 0.001), and alcohol use disorders (2.0% vs 0.5%, P < 0.001), compared with the controls (Table 1) . Also, preexisting physical comorbidities, including hypertension (21.0% vs 3.5%, P < 0.001), dyslipidemia (7.6% vs 2.9%, P < 0.001), obesity (2.6% vs 0.8%, P < 0.001), diabetes mellitus (7.5% vs 1.5%, P < 0.001), chronic renal diseases (1.9% vs 0.3%, P < 0.001), ischemic heart diseases (4.4% vs 0.6%, P < 0.001), and arrhythmia (3.3% vs 0.6%, P < 0.001), were higher in the subjects with ischemic stroke than in those without stroke (Table 1) .
Logistic regression analysis model 1 with an adjustment of preexisting physical disorders and demographic data demonstrated that patients with ischemic stroke had an increased risk of having preexisting psychiatric disorders, including bipolar disorder (OR: 2.23, 95% CI: 1.06$4.67), unipolar depression (OR: 2.15, 95% CI: 1.62$2.86), anxiety disorders (OR: 2.63, 95% CI: 1.87$3.69), and alcohol use disorders (OR: 2.86, 95% CI: 1.79$4.57), compared with the control group ( Table 2) . Model 2 further adjusting for other preexisting psychiatric comorbidities showed that patients with ischemic stroke were prone to having preexisting psychiatric disorders, including unipolar depression (OR: 1.59, 95% CI: 1.14$2.21), anxiety disorders (OR: 2.07, 95% CI: 1.41$3.04), and alcohol use disorders (OR: 2.47, 95% CI: 1.52$4.02) ( Table 2) .
We investigated the association between the age (very young: <30 years and young: 330 years) of ischemic stroke and the risk of pre-existing psychiatric disorders. Young ischemic stroke was related to the risk of preexisting unipolar depression (OR: 1.49, 95% CI: 1.05$2.11), anxiety disorders (OR: 1.99, 95% CI: 1.33$2.97), and alcohol use disorders (OR: 2.54, 95% CI: 1.55$4.14); very young stroke was only associated with the risk of preexisting unipolar depression (OR: 4.15, 95% CI: 1.47$11.72) ( Table 3 ).
DISCUSSION
The study results supported our study hypothesis that young adults younger than 45 years who experienced ischemic stroke had an around 1.5$2.5 times elevated risk of having preexisting psychiatric disorders, including unipolar depression, anxiety disorders, and alcohol use disorders, than the control group after adjusting for demographic data and medical comorbidities. We also noted that patients with ischemic stroke at age <30 years were around 4 times more likely to have preexisting unipolar depression.
Young Ischemic Stroke and Unipolar Depression
Previous studies have shown the association between unipolar depression and the risk of ischemic stroke. 8, 12 Salaycik et al 19 determined that depressive symptoms were associated with a 4-fold increased risk of ischemic stroke in midlife adults younger than 65 years but not in those aged 65 years and older. Seifert et al 20 further confirmed that the relationship between depression and risk of ischemic stroke only occurred in the patients aged between 55 and 64 years but not in those aged 365 years. The studies regarding the risk of stroke among young depressed population younger than 45 years were still lacking. But, Salaycik et al's and Seifert et al's results may imply the different age-effect of depression in the risk of ischemic stroke. [19] [20] Our studies found that young ischemic stroke younger than 45 years was related to the elevated risk of having a preexisting unipolar depression.
Young Ischemic Stroke and Bipolar Disorder
Some studies established the association between bipolar disorder and ischemic stroke, although most of them were conducted in the midlife and elderly patients. 10, 21 However, studies specifically targeting the link between bipolar disorder and young stroke were lacking. Wu et al 22 reported that bipolar patients with stroke were younger than those without stroke, although the stroke event still occurred at a mean age over 45 years. 22 Another large-scale study showing the link between bipolar disorder and stroke (prevalence ratio 3.14, CI ¼ 2.42$4.06) had 46% of its bipolar group younger than age 40 (1873/4067 patients), but no stratified data were available. 23 In our study, model 1 adjusting for demographic data and medical comorbidities, but not model 2 with an additional adjustment with other psychiatric comorbidities, showed a significant relationship between bipolar disorder and young ischemic stroke. It may indicate that the increased risk of young ischemic stroke among patients with bipolar disorder was indirectly via the effect of other psychiatric comorbidities, such as alcohol use disorder and anxiety disorders.
Young Ischemic Stroke and Anxiety Disorders
The National Health and Nutrition Examination Survey in United States demonstrated that more anxiety symptoms at baseline were associated with an elevated risk of incident stroke (HR: 1.14, 95% CI: 1.03$1.25). 9 However, the study population had a mean age of >45 years, and the study only demonstrated the link between stroke and anxiety symptom scores from a questionnaire rather than from a diagnosis of anxiety disorders. 9 A population study showed the higher risk of stroke among patients with panic disorder (HR ¼ 1.38, 95% CI 1.12$1.71) with 42% of the study population under the age of 40, but stratified data was not available. 24 The literature review determined that the link between anxiety disorders and young ischemic stroke has never been adequately investigated. In our study, we found that young patients who had an ischemic stroke had a higher risk of preexisting anxiety disorders than the control group.
Young Ischemic Stroke and Alcohol Use Disorders
Alcohol consumption was a known risk factor for young stroke in a dose-dependent association between the excessive amount of alcohol consumption and the risk of young stroke. 13, 25, 26 Romelsjo et al 27 further identified that bingedrinking increased the stroke likelihood compared with nonbinge drinking. Compatible with previous findings, our study supported the association between alcohol use disorder and the risk of young ischemic stroke.
The Pathophysiology Linking Psychiatric Disorders With Risk of Young Ischemic Stroke
We proposed 2 hypotheses to explain the association between the psychiatric disorders and the risk of young ischemic stroke. First, some previous studies have shown that the risk factors of young ischemic stroke included hypertension, diabetes mellitus, dyslipidemia, obesity, and alcohol use disorders. 28, 29 The prevalence of those stroke-related disorders in the young population increased gradually in the last decades. 29 Furthermore, a growing body of evidence also found the significant association between psychiatric disorders (ie, schizophrenia, bipolar disorder, unipolar depression, and anxiety disorders) and the stroke-related risk factors mentioned above. [30] [31] [32] In our study, young patients with ischemic stroke had a higher prevalence of those stroke-related medical comorbidities, including hypertension, dyslipidemia, diabetes mellitus, and heart diseases, and psychiatric comorbidities, including unipolar depression, anxiety disorders, and alcohol use disorders, compared with those without ischemic stroke. Cox regression model also suggested an independent effect of psychiatric comorbidities (ie, unipolar depression, anxiety disorders, and alcohol use disorders) with the elevated risk of ischemic stroke in young adults. Second, previous studies suggested that the dysregulated inflammatory process and over-secreted proinflammatory cytokines, such as C-reactive protein (CRP), interleukin (IL)-6, and tumor necrosis factor (TNF)-a, were associated with the increased risk of ischemic stroke. Kaptoge et al 33 found that CRP concentration was loglinearly correlated with ischemic stroke (risk ratio [RR]: 1.46, 95% CI: 1.32$1.61). Cui et al 34 reported that the polymorphisms of rs1800629 (G>A)(OR: 1.56, 95% CI: 1.09$2.23) in the promoter region of the TNF-a gene were associated with an increased risk of developing ischemic stroke after adjusting for age, sex, hypertension, dyslipidemia, and diabetes. They also showed that the TNF-a level was positively associated with stroke-related risk factors (total cholesterol level and systolic blood pressure). 34 Tong et al 35 also reported that IL-6-572GC was an independent risk factor for developing ischemic stroke. Past studies have supported that psychiatric disorders were associated with long-term inflammation and altered proinflammatory cytokines. For example, 2 recent meta-analysis studies reported a significantly higher concentration of TNF-a and IL-6 in depressive subjects than in the controls. 36, 37 Kim et al 38 found that bipolar patients had an increased level of TNF-a and IL-6 and a higher ratio of TNF-a/IL-4, IL-2/IL-4, and IFN-g/IL-4 than controls. Vogelzangs et al 39 reported the elevated levels of CRP among patients with a current anxiety disorder compared wiith controls. In our study, we supported an independent effect of several preexisting psychiatric disorders, including unipolar depression, anxiety disorders, and alcohol use disorder, with the risk of young ischemic stroke.
Some study limitations should be addressed. First, the prevalence of preexisting psychiatric disorders should be underestimated because only those who sought medical consultation and treatment would be included in our study. However, preexisting psychiatric disorders were diagnosed by board-certificated psychiatrists, yielding an improved diagnostic validity. Second, the medications for preexisting psychiatric disorders were not analyzed in our study because the medications would be very complicated during the follow-up and were difficultly adjusted in the regression model. Third, certain information, including life style, smoking, family history, and severity of psychiatric disorders, was not available in the NHIRD, so we cannot investigate their impact in our study. Further clinical studies would be required to overcome the above limitations and to elucidate the role of each factor on the risk of stroke among young population.
In conclusion, patients who developed ischemic stroke at age younger than 45 years had a higher risk of having preexisting unipolar depression, anxiety disorders, and alcohol use disorder than those who did not after adjusting for demographic data and stroke-related medical comorbidities. Further studies may be required to elucidate the underlying pathophysiology between psychiatric disorders and the subsequent risk of ischemic stroke among young adults and to investigate whether the prompt intervention to psychiatric disorders may reduce the risk of young ischemic stroke.
